ABSTRACT A historical prospective mortality study was conducted on a cohort of 34 156 male members of a heavy construction equipment operators union with potential exposure to diesel exhaust emissions. This cohort comprised all individuals who were members of the International Union of Operating Engineers, Locals 3 and 3A, for at least one year between 1 January 1964 and 31 December 1978. The mortality experience of the entire cohort and several subcohorts was compared with that of United States white men, adjusted for age and calendar time. The comparison statistic was the commonly used standardised mortality ratio (SMR). Historical environmental measurements did not exist, but partial work histories were available for some cohort members through the union dispatch computer tapes. An attempt was made to relate mortality experience to the union members' dispatch histories. Overall mortality for the entire cohort and several subgroups was significantly lower than expected. When cause specific mortality was examined, however, the study provided suggestive evidence for the existence of several potential health problems in this cohort. Mortality from liver cancer for the entire cohort was significantly high. Although mortality from lung cancer for the entire cohort was similar to expected, a positive trend by latency was observed for lung cancer. A significant excess of mortality from lung cancer was found among the retirees and the group for whom no dispatch histories were available. Other dispatch groups showed no evidence of lung cancer excess. In addition, the total cohort experienced significant mortality excess from emphysema and accidental deaths.
The potential adverse health effects of exposure to diesel exhaust emissions have recently gained considerable attention in the scientific community. This concern is even greater within federal regulatory agencies, partly because of the projected rise in the number of diesel powered cars in this decade. For both medical and economic reasons, it is important to investigate the implications of such a trend to public health.
Diesel exhaust emissions consist of a mixture of gases and particles, including carbon monoxide, oxides of nitrogen and sulphur, and particulates, which contain traces of the polycyclic aromatic hydrocarbons.' Exhaust emissions from some current diesel engines contain compounds that are mutagenic and carcinogenic in short term in vitro 436 Sweeney & Co trust fund administrators.
Methods and material
Study cohort members were identified from records maintained at Operating Engineers Local Union No 3, San Francisco. This union consists of six subdivisions; 3, 3A, 3B, 3C, 3D, and 3E. Heavy construction equipment operators are members of locals 3 or 3A only and are believed to be exposed to diesel exhaust during the course of their work. Locals 3 or 3A are referred to here as "local 3-3A" or simply the "union" and all six sublocals as "local 3." The jurisdiction of local 3 includes Northern California, Utah, Hawaii, Nevada, and Guam.
Local 3-3A is a well established union that maintains both work and death records for its members. Membership records have been computerised since 1964 and information before that time is filed on microfiche. In addition, death certificates since 1968 are available from the union.
From these records maintained at the union, individuals with at least one year of membership in local 3-3A between 1 January 1964 and 31 December 1978 were included in the study. Other local 3 members were not included. Duration of membership was defined as the duration between "initiation" date and "dues paid through" date.
Demographic information, such as name, social security number, birthdate, state of residence, and date of death (if available), were abstracted from union records. In addition, union membership information such as initiation date, dues paid through date, union membership status, and union registration number were also abstracted.
Work histories of the cohort members were obtained through job dispatch computer tapes maintained at the union. The union provided 12 annual dispatch tapes between 1967 (earliest year available) and 1978, recording all job dispatches for local 3-3A during these 12 years. It should be pointed out here that using these dispatch tapes as surrogates of employment histories has several limitations. Firstly, no information before 1967 was available. For those whose initiation date was before 1967, the early part of their work histories was not available. Secondly, those union members whose jobs remained the same before and after 1967-that is, no new job dispatch-would not appear on the dispatch tapes at all. Nevertheless, this is the only centralised and readily accessible source for work histories.
In addition to local 3-3A, certain information was available from C W Sweeney & Co, trust fund administrators. This company is an independent administrator for numerous trust funds, including local 3-3A. Payment on behalf of each employee is Wong, Morgan, Kheifets, Larson, and Whorton The fund provided information on retirement data, vital status, and date of death on those individuals who were entitled to retirement and death benefits from the fund.
The study included the 34 156 male members of local 3-3A who satisfied the cohort criteria; (3.6%) had died while an active or retired member.
As mentioned above, duration of union membership was defined as the duration between membership initiation date and union dues paid through date. For those who had retired, a retirement date was available from the fund. In these cases the retirement date was used in place of union dues paid through date, since dues were paid on a quarterly basis and the paid through date might go beyond one's active employment in the industry and thus slightly overstate the duration of employment in the industry. About Mortality from cancer of the stomach was significantly high in the group with 5-9 years of membership. The SMR of 248-4 based on 1( deaths was significant at the 0'05 level. As mentioned earlier, mortality from liver cancer was significantly raised for the entire cohort. As table 4 indicates, the excess in liver cancer came from the group with 10-14 years of membership.
For diseases of the nervous system and sense organs, the SMR in all five duration of membership groups remained at the same level and significantly less than the expected. Similarly, for diseases of the circulatory system, the SMR in all five groups were significantly low.
The table 5 . For all causes, although the SMR in all three latent periods were significantly less than 100, there was an upward trend with increasing latency. Perhaps this observation reflects the diminishing "healthy worker effect." Upward trends were also evident for all cancers, cancer of the lung, and cancer of the skin. It should also be pointed out that liver cancer excess came from the 10-19 latency group; the corresponding SMR of 257'9 based on 11 deaths being statistically significant at the 0-01 level.
Mortality from disease of the circulatory system (primarily arteriosclerotic heart disease) exhibited an increasing trend with prolonged latency. Obviously, this trend, perhaps the result of the diminishing healthy worker effect was the major contributor to that observed for all causes.
Several other points may be made based on the data in table 5 . In addition to a positive trend associated with latency, mortality from emphysema was significantly high for latency of 20 and more years Wong, Morgan, Kheifets, Larson, and Whorton (SMR = 199'4, p < 0.01). Interestingly, although there was a deficit in mortality from cirrhosis of the liver in all three latent periods, the SMR themselves increased with latency. There was no trend associated with accidental deaths, which is reassuring, since one would not expect accidental deaths to be related to latency.
CAUSE SPECIFIC MORTALITY OF RETIREES Table 6 shows the mortality experience of the retirees in the cohort. A retiree was defined as anyone in the study with a retirement date during the study period. As mentioned earlier, the retirement date was obtained from the Sweeney Trust Fund. Among the 6678 retirees, 1345 had died. The corresponding SMR for all causes was 114-5, statistically significant at the 0-01 level. For cancer of all sites, the SMR was 145*3 (389 deaths observed v 167-68 expected), significant at the 0*01 level. When specific sites were examined, a significant excess of mortality was observed in cancer of the digestive system (SMR = 142'4, p < 0-01), cancer of the large intestine (SMR = 181-8, p < 0-01), cancer of the respiratory system (SMR = 162.4, p < 0.01), cancer of the lung (SMR = 164-1, p < 0.01), and lymphosarcoma and reticulosarcoma (SMR = 231-2, p < 0.05).
A significant excess of mortality was also found in non-malignant respiratory disease, the SMR being 129-0 and significant at the 0 05 level; this excess came primarily from emphysema. There were 75 deaths ascribed to emphysema, whereas only 27-05 were expected. The corresponding SMR of 277-3 was significant at the 0'01 level. Finally, mortality from cirrhosis of the liver was also significantly high (38 observed v 21-90 expected, SMR = 173-5, p < 0-01).
The retirees examined so far consisted of anyone with a retirement date during the study period, including early retirements, some of which might be related to ill health. To put the analysis of the retirees in the proper perspective, this selection factor needs to be adjusted. One common approach is to include these early retirees only when they reached age 65, at which time the individual would retire normally. This definition of "normal" retiree appears to be the generally accepted definition for epidemiological research. '2-'4 Table 8 shows the mortality experience of four groups in the high exposure category: scraper operators, dozer operators, loader operators, and backhoe operators. In this analysis scraper operators were those who were dispatched at lease once as such during 1967-78. Among the 4589 scraper operators, 263 deaths were observed, which was 30% less than expected. The SMR of 69-4 was significantly low at the 0-01 level. Sixty deaths were due to malignant neoplasms. The corresponding SMR of 77-2 was significantly low at the 0-05 level. For the entire subcohort of scraper operators, no significant mortality excess was observed. In particular, mortality from lung cancer was identical with the expected (28 observed v 28-00 expected).
A total of 6712 union members was ever dispatched as dozer operators and their total mortality was only 67-2% of the expected; this deficit was significant at the 0*01 level. Mortality from all malignant neoplasms was also significantly low (SMR = 66-0, p < 0-01). Part of the deficit may be attributed to cancer of the digestive system (SMR = 53.4, p < 0.01). For lung cancer, there was a nonsignificant deficit of 25%. For the total group of dozer operators, no significant excess of mortality was detected.
Detailed analysis indicates that among those dozer operators with 15-19 years of membership and 20 or more years of latency, lung cancer mortality was significantly high. Five deaths were due to lung cancer in this subgroup, whereas only 1-46 was expected; the SMR being 343 4, p <0 05. No other significant excess was detected in the detailed analysis.
No significant excess was detected in the group ever dispatched as loader operators. On the other hand, mortality deficits for all causes, all malignant neoplams, cancer of the digestive system, disease of the nervous system and sense organs, diseases of the circulatory system, strokes, and non-malignant respiratory diseases were statistically significant.
Based on the available information, 4042 union members were known to have been dispatched as backhoe operators. Significant mortality deficits were observed for all causes (SMR = 62.9), all cancers (SMR = 60.8), diseases of the circulatory sys-Mortality of heavy construction equipment operators with potential exposure to diesel exhaust (151) 91-7 39-9 Cancer of large intestine (153) 129-0 99.9 Cancer of rectum (154) 27-7
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Cancer of skin (190) Analysis by duration of union membership showed that the excess in cancer of the liver came primarily from those with 10-14 years of union membership. An excess of deaths from cancer of the stomach was also found among these with five to nine years of union membership. No trend, however, was evident in either liver cancer or stomach cancer, and it is difficult to attach any definitive interpretation to these isolated findings. For lung cancer, there seemed to be an increasing trend with duration of union membership; started initially with an SMR of 45 and levelled off around 107.
Mortality from emphysema indicated an upward trend with duration of union membership. For those with more than 15 years of membership, mortality from emphysema was amost twice the expected.
The excess in accidental deaths came primarily from those with 10-14 years of membership, although SMR from accidental deaths was high across all duration of union membership categories.
Analysis by latency indicates clearly an upward trend of mortality with latent period for all causes and all cancers. In addition, the SMR for cancer of the lung also showed a postive trend with latency. For those with a latency of more than 20 years, the lung cancer SMR was almost twice that for those with a latency of less than 10 years.
The steepest gradient occurred among the emphysema SMRs by latency. For those with 20 or more years of latency, the emphysema SMR was almost four times that among those with a latency of less than 10 years.
When cause specific mortality among all retirees was examined, several SMRs were found to be significantly high. A likely explanation for this Mortality of heavy construction equipment operators with potential exposure to diesel exhaust observation is that the all retiree group included some men who had retired early because of ill health. To minimise the potential bias introduced by these early retirements, a separate analysis was performed on those retired at or after age 65, plus early retirees who lived to reach age 65. In this group of "normal" retirees cancer of all sites was about 15% higher than expected (224 observed v 195-23 expected, p < 0.05).
When site specific cancer mortality among the normal retirees was examined, lung cancer was found to be 30% higher than expected. This observed rise was statistically significant at the 0-05 level. It should be pointed out that the analysis by duration of union membership did not indicate any significant lung cancer mortality among cohort members with long union membership. The group with 20 or more years of union membership consisted of 11 176 individuals, whereas there were only 4075 normal retirees. As such, the retirees were only a smnall group of the "long timers." A selection bias may have been introduced by retirement, which was partially dealt with by excluding " early" retirees from analysis. Also statistically significant was the excess of mortality from lymphosarcoma and reticulosarcoma.
For non-malignant causes, mortality from emphysema among the normal retirees was highly significant. In this group 59 died from emphysema when 21-47 were expected. The corresponding SMR was 274-8, p < 0-01.
In an effort to correlate mortality experience with past work history, cause specific SMRs were computed for individuals with known specific job dispatches. As mentioned earlier, job dispatch history was available from union computer tapes for 1967-78 only. For many who were members of local 3-3A before 1967, the pre-1967 job dispatch history could not be included in the analyses. Furthermore, those who kept the same job throughout 1967-78 would not appear on the dispatch tapes at all.
Cause specific mortality for several broad categories of jobs was analysed, but no significant findings were observed. These job categories were further combined into high and low exposure groups. It should be emphasised that this classification is crude and not based on any environmental measurements. The classification was based on discussion with union personnel who were familiar with the activities in each job, as well as the proximities of the job to diesel exhaust emission sources. Neither the group with potentially high exposure nor the group with potentially low exposure, however, showed any significant excess of mortality. In addition, the group dispatched with jobs of unknown exposure did not show any significant excess of mortality.
Among the 9707 local 3-3A members who did not have any job dispatch history, however, cancer of all sites was significantly high (SMR = 112-0, p < 0-01). In particular, the stomach cancer SMR was 199-1 (p < 0-01), the liver cancer SMR 195-9 (p slightly above 0.05), and the lung cancer SMR, 119-3 (p < 0-05). Mortality from emphysema in this group was also significantly high (SMR = 235-5, p < 0-01) as was mortality from accidental death (SMR = 158-1, p < 0-01). One likely explanation is that this group consisted of union members holding the same job for a long period and, perhaps, had significant potential exposure. Since their jobs remained unchanged, however, they did not show up on the dispatch tapes.
In closing, it should be pointed out that there are several limitations in this study, most of which are typical of a historical mortality study of industrial populations. Although both the proportion of subjects lost to follow up and the proportion of unretrieved death certificates are reasonably low, it is possible, but unlikely, that deaths from certain rare causes might have been missed. For some cases, the dues paid through date might not be the last date of employment in the industry, and duration of union membership might have overstated duration of employment. Only partial work histories were available for some of the cohort members, and mortality analysis by available work history was not conclusive. Historical exposure levels were not available and so no quantification of risk was possible. Even if such environmental measurements existed, -without adequate work history no mechanisms could be devised to link exposure with mortality experience. Being a cohort mortality study, the investigation not only inherits all the problems associated with death certificates but also suffers from lack of in-depth clinical information. Employment other than that indicated by the union records (such as other industries) was not considered. Nor was it possible to include smoking history in the analysis, although the relatively small smoking survey mentioned earlier did not indicate any statistically significant difference in smoking habits between union members and the general population.
Despite these limitations, the study has provided suggestive evidence for the existence of several potential health problems in this cohort. The major conclusions may be summarised as follows:
(1) Mortality from liver cancer for the entire cohort was significantly high. Nevertheless, no specific high risk subgroups could be identified. It is not clear whether the excess was related to occupation, life style, or errors in the cause of death certification.
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(2) Although lung cancer mortality was not in excess as a whole for the entire cohort, there were positive trends in lung cancer by latency and duration of union membership. Furthermore, significant lung cancer mortality excesses were found among the retirees and those without dispatch history.
(3) Clearly the cohort experienced a significant mortality excess from emphysema. This association was further strengthened by the observed trends by latency and duration of union membership. Significant excess of mortality from emphysema was also observed among the retirees and those without a job dispatch history. At least on the surface, smoking did not appear to be a major confounding factor, since for the cohort as a whole, lung cancer mortality was not high and diseases of the circulatory system were significantly low.
(4) Mortality from accidental deaths was definitely an occupational hazard in this industry.
Recommendations
The study has provided suggestive evidence that several causes of death among the cohort members were significantly in excess when compared with the general population of the United States. Various limitations, however, made it impossible to reach more definitive conclusions based on existing data.
The mostsevere limitation was the lack of adequate work histories. As mentioned earlier, 9707 union members (28% of the total cohort) had no job dispatch history, and it was among this group that mortality from cancer of all sites, stomach cancer, lung cancer, and emphysema was significantly raised. For the remainder of the cohort, only a partial work history was available.
It is recommended that further investigations such as case-control studies on the mortality from lung cancer and emphysema be considered. These investigations will clarify the role of occupation and life style in the aetiology of these two diseases, which are usually closely related because of a common agent, cigarette smoking. We also recommend a more intensive follow up of all cases of liver cancer to ascertain the correct primary site. This will allow us to interpret better the liver cancer SMR reported here. 
